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EXPERTMENTAT. DATA FOR FOUR FULL-SCALE CONICAL COOLING-AIR EJECTORS

By C. C., Ciepluch and D. B. Fenn

SUMMARY

An experimentel investigation was comducted to determine the pumping
and thrust characteristics of Pfour full-scale conical air ejectors over a
range of primary gas temperature. The fixed ejector configurations simu-
lated a varisble-primary-nozzle-area and varisgble-diameter-ratioc ejector
which operated st dlameter ratios of 1.11 and 1.31 for nonafterburning
and afterburning flight conditions, respectlively. Performance data were
obtained at spacing ratios of 0.4 and 0.8.

The spacing ratio influenced both ejector pumping and thrust perform-
ance. The pumping characteristics of the configurations with spacing
ratios of 0.8 were generslly better at the lower welght-flow ratics. How-
ever, the ejector Jet-thrust ratio of the configurations with the spacing
ratio of 0.4, In general, exceeded that of the configurations with mpac-
ing ratios of 0.8 for the lower values of welght-flow ratio.

INTRODUCTION

The air ejector is consldered an effective means of providing cooling
ailr for aircraft engine instellations. Ejector performance, however, is
influenced by both geometrical and operational varisbles. Although a
large amount of model eJector test data exists, only a limited quantity
of full-scale data is &svailsble. References 1 to 6 present ejector per-
formance data on both conical and cylindrical models over a wide range of
geometrical and operational varisbles at primary- to secondary-temperature
ratios of 1L.0. Performance dsta on various full-scale ejector configura-
tions at several primery gas temperstures are avalleble in references 7
and 8.

In order to provide additional information on full-scale cooling-alr
ejector performance, & general program for the experimental investigation
of full-scale ejectors has been conducted at the NACA Lewis laboratory.

As part of this program, an investigation was conducted to determine the
pumping ard thrust characteristics of four conical cooling-air ejectors
having large primary-nozzle conical helf-angles. The experimental results
of this investigation are reported herein.
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The fixed ejector configurations investigated simulated a variasble-
primary-nozzle-area and variable-diameter-ratio ejector which operated at
diameter ratiocs of 1.11 and 1.31 for nonafterburning and afterburning
flight conditions, respectively. Performance data were obtained for the
simulated ejector configuration at spacing ratios of 0.4 and 0.8.

Air pumping and thrust performance data were obteined over a range of
primary-nozzle pressure ratio from 1.5 to 7.0. The nonafterburning con-
figurations were run with primary gas temperatures from 1220° to 1500° R,
while the afterburning configurations were run gt primary gas temperatures
of approximately 1140%, 2000, and 3300° R.

APPARATUS
Test Facllity

A turbojet engine equipped with an aefterburner was used as the gas
generator for the ejector investigation. The installation of the engine
and afterburner 1in an altitude test chamber is shown in flgures 1 and 2,
and a sketch of the afterburner shell and exhasust nozzles is shown in fig-
ure 3. The engine and afterburner assembly was rigidly mounted on a plat-
form whlch was suspended by means of flexure plates. TForces acting on the
englne were transmitted from the platform to a calibrated thrust-measuring
unit.

Ejector Configurations

The four ejector configurations investigated are listed in the fol-
lowing table with a summary of the range of conditlons covered:

Configuretion | Diameter | Spacing | Primsry gas Measured
ratio, retio, | temperature, |welght-flow
Dg/Dp L/Dy °r ratio,
Ws/Wp
1 1.11 0.39 1220 0 to 0.155
1500 0 to .145
2 1.11 0.78 1220 0 to 0.155
1500 0 to .150
3 - 1.31 0.4 , 1140 0 to 0.243
2050 .03% to .20
3250 to 3400] .059 to .231
4 1.31 0.81 1140 0 to 0.200
1900 to 2000{0 to .16
3200 to 3400| .064 to .240

3399
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The dimensions of both the primary nozzles and the secondary shrouds are
given for each conflguration in figure 4. A list of the symbols used
throughout this report is included Iin appendlx A.

INSTRUMENTATION
Primary Stream.

The primary-nozzle total pressure was measured by a 12-probe, diamet-
rical, water-cooled rake (station P, fig. 4) located 5 inches upstream of
the end of the cylindrical sfterburner shell. ZIXach probe was located on
a center of equal annular flow areas. Four equally spaced wall static taps
were also located at station P. The primary gas temperature was measured
for nonafterburning operation by 48 thermocouples at the turbine outlet.
For afterburner operation the primary gas temperature was calculated as
described in appendix B. Primery-nozzle skin temperstures were measured
in order to determine the thermal expansion.

Secondary Stresm

The secondary total pressure was mesassured 2 inches upstream of the
end of the afterburner shell (station S) by eight total-pressure probes
located circumferentially around the annular secondary passage. Four tem-
perature probes measured the total temperature of the secondary stream st
station S.

The ejector amblent pressure was measured by four equally spaced
static-pressure tubes located on the outside 1lip of the ejector shroud.
The effective primary-nozzle exhaust pressure was also measured by llp
statlc-pressure tubes. Wall static-pressure taps were provided to measure
the wall pressure distribution on each ejector shroud.

Air-Flow Measurement

Engine air flow was cealculated from total- and static-pressure and
total-temperature measurements obtained in a venturl upstream of the englne
inlet. Secondary air flow was calculated from an instrumented A.S.M.E.
flat-plate orifice.

PROCEDURE

Ejector performance data were obtained over & range of ejector welght-
flow ratio WE/Wb and primary gas temperature. At each given ejector

weight-flow ratio and primary gas temperature, the primary-nozzle pressure
ratio Pp/py wes varied from sbout 1.5 to 7.0.
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Primary-nozzle calibrstions were obtained with ejector shrouds re-
moved &t primary gas temperstures from 1140° to 1500° R.

Clear unleaded gasoline (MIL-F-5572, 115/145) was used as the engine
fuel, and MIL-F-5624A grade JP-4 was used for afterburner fuel throughout
the investigation.

DATA PRESENTATION
Ejector Performance

Pumping characteristics. ~ The pumping characteristics are presented
as plots of secondary pressure ratio Ps/po against primary-nozzle pres-
sure retio Pp/po et constant values of ejector weight-flow ratio WS/Wp
for each primary-nozzle gas temperature. Figure 5 shows the pumping char-
acteristics of configurations 1 to 4. The nominal temperature ratio
TP/TB(ratio of primary gas total temperature to secondary gas total

temperature), which was nearly constant for each ejector weight-flow ratio,
is also included.

Thrust performance. - The influence of primary-nozzle pressure ratilo
on ejector jet-thrust ratioc for constant valuee of ejector welght-flow
ratio is shown in figure 6 at varlous primary gas temperatures for con-
figurations 1 to 4. Ejector jet-thrust ratio is defined as the ratio of
the ejector (gross) Jjet thrust to the jet thrust of the primary conical
nozzle operating at the same over-all primary pressure ratio Pp/PO'

E)ector performence ls influenced by slze and shape of the second-
ary flow passage ag well as by ejector geometry. Therefore, only con-
flgurations having secondary flow passages and ejJector geometry similar
to those reported herein can be expected to have the same pumping and
thrust characterlstlics.

Effect of Ejector Specing Ratio on EJector Performance

Pumping characteristlics. - The effect of spacing ratioc (ratio of
the axial distance between the primary nozzle and the ejector exit to
the diameter of the primary nozzle) on the air pumping characteristics
of configurations 1 and 2, which had a diameter ratio of 1.1l and spac-
Ing ratios of 0.4 and 0.8, respectively, is shown in figure 7(a) at a
primary gas temperature of 1220° R. For primary-nozzle pressure ratios
less than 3.0, configuration 2 (spacing ratio of 0.8) is superior in
alr pumping capacity to configuration 1 (spacing ratlo of 0.4) for
welght-flow ratios of approximetely 3 percent. Because the ejector-
shroud exlt was relatively farther away from the primary-nozzle
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exit as the spacing ratio increased, a lower primary-nozzle pressure ratio
was required to expand the primary jet until it filled the secondery shroud
and thus reached 1ts maximum alr pumping capacity. At primary-nozzle pres-
sure ratios above 3.0 and mn air-flow ratioc of 0.03, the sir pumping &bil-
ity of configuration 1 (spacing ratio of 0.4) exceeded thet of configura-
tion 2 (spacing ratio of 0.8). At higher weight-flow ratios (about 10
percent), the effect of spacing ratio on pumping capacity was smsll over
the entire range of primary pressure ratio.

The influence of specing ratic on the pumping characteristics of con-
Pigurations 3 and 4, which had diameter ratios of 1.31 and spacing ratios
of 0.4 and 0.8, respectively, is shown in figure 7(b) at a primary gas
temperature of approximately 3300° R. The air pumping adventege of con-
figuration 4 (spacing ratio of 0.8) over configuration 3 (spacing ratio of
0.4) occurs over the entire range of primary-nozzle pressure ratic at an
alr-flow ratio of 0.08. The differences between the results of figures
g8(a) and (b) are due to the differences in diameter ratio.

Thrust performence. - The lnfluence of spaclng ratio on the ejector
jet-thrust ratio is shown in figure 8(a) for the configurations with dia-
meter ratios of 1.11 (1 and 2) at a primary ges temperature of 1220° R
and in figure 8(b) Ffor the configurations with diameter ratios of 1.3l
(3 and 4) at a primary gas temperasture of approximately 3300° R. Config-
uration 1 (spacing ratio of 0.4, fig. 8(a)) had an ejector jet-thrust
ratio 2 to 5 percent greater then that of configuration 2 (spacing ratio
of 0.8) over the range of weight-flow ratio investigated.

The jet-thrust ratio of configuration 3 (spacing ratio of 0.4) ex-
ceeded that of configuration 4 (spacing ratio of 0.8) by up to 2 percent
et a welght-flow ratio of about 0.08 &t primary-nozzle pressure rsatios
less than 4 (fig. 8(b)). For higher nozzle pressure ratlos this trend
was reversed. The thrust ratio of configuration 4 exceeded that of con-
figuration 3 by 3 percent at a nozzle pressure ratio of 6 for a weight-
flow ratio of 0.20.

Ejector-Bhroud Wall Pressure Distribution

Bjector-shroud wall pressure distributions of configurations 1 to 4
are shown in figure 9(a) to (d) at zero weight-flow ratio for several
primary-nozzle pressure ratios.

In figure 9(e) the ejector-shroud wall pressure distributions (ratio
of shroud wall pressure to secondary total pressure) of configuration 3
are shown for several primery-nozzle pressure ratios at a weight-flow
ratio of 0.191. Minimum secondary-passage flow ares existed between the
cylindrical afterburner shell and the ejector cooling shroud. The second-
ary passage aresa increased rapldly downstream of the minimum area until
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it was several times larger at the primery-nozzle exit, as shown in the
gketch in figure 9{e). The secondary passage therefore consisted of a
convergent-divergent flow channel. At the higher secondary welght-flow
ratios, supersonic flow was encountered in the secondary passage resulting
from overexpansion (fig. 9(e}). The overexpansion resulted in shock and
diffusion losses in the secondary streem which probebly compromised both
the pumping and thrust performance of these configurations.

Lewls Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, June 16, 1954
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APPENDIX A

SYMBOLS
The following symbols are used in this report:
A aresa, sq ft

CD primary-nozzlie flow coefficient, ratio of measured mass flow to
isentropic mass flow

CX ratio of heated to cold primary-nozzle throat area
Dp exit diameter of primary nozzle, in.
D exit diameter of ejector shroud, in.

F jet thrust (gross thrust), 1b
F3 force of thrust measuring unit, 1b
g acceleration due to gravity, 32.17 :E‘t/sec2

L exial distance between exlit planes of primary nozzle and ejector
shroud, in.

P total pressure, Ib/sq_ft abs

P static pressure, lb/sq £t abs

R gas constant, 53.4 £t-1b/(1b)(°R)
T total temperature, °r

v velocity, ft/sec

W weight flow, 1b/sec

Y ratio of specific hests of gas
Subscripts:
a engine

at atmospheric



effective

ejector Jet

fuel

isentropic

primary Jet

lip

labyrinth seal
primary stream or nozzle
thrust rod
secondary stream
wall

aublient exhaust
engine inlet
alr-flow measurement
ejector exit

secondary air inlet

NACA RM E54F02
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APPENDIX B

METHODS OF CALCULATTON

Air flow. - Engine air flow W, was calculated from measurements

of total and static pressures and total temperature obtained at station
2 (fig. 1) in the following manner:

y. = P2h2 , f2gr Pz) (
a RTs Y v-1 [\P2

The primery-nozzle weight flow was determined as follows:

Wb =Wy + Ve

where Wy was equal to the total fuel flow. Secondary air flow was
measured with an A.S.M.E. standard flat-plate orifice.

The flow coefficlents of the primery nozzles were calculated from
tests with the ejector shroud removed as follows:

C. = measured weight flow _
D isentropic weight flow i

ﬂbaﬂ

The isentroplc weight flow was determined from the followlng relation:

W PPAPCX Zgrp .)TP _ TP
17 ARG ¥ v (\Bp Pp

was determined from the fuel-air ratio end the primery

The value of Tp
gas temperature as described in reference 9. For critical flow, p/PP

equaled (Fﬁi%)——ai, or for subcritical flow, p/PP equaled po/Pp. The

term Cy 1s the ratio of heated to cold primary-nozzle throat area and

is based on the primary-nozzle skin temperature and the thermal expension
coefficient.
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Primary ges temperature. - For the afterburning conditions the pri-
mery gas temperature was calculated from the following relation:

&) 7 107
P Wp R(r-1) [\p P

This equation was evaluated by trial and error. A value of 71 Wwas ag-
spumed. The effective primary-nozzle pressure ratio was determined by

means of & 1lip static pressure measured in the plane of the primary-
nozzle exit as shown in figure 4. For criticsl flow, p/Pp equaled

i
(T;l)‘r-l; or for subcritical flow, p/Pp equaled PL/Pp'

Thrust. - The jet thrust of each configuration was calculated in
the following manner :
W
Fej = Vs + 4z(pz - Pp)

W
4
Fea = AZ(P]_ - Po) + p4A4 + EV‘L + P4,LA4,L + Fd + Ar(pa.t - Po)

The ejector Jet-thrust raetic was defined as the ratio of the ejector
Jet thrust to the Jet thrust of the primery nozzle operating at the same
over-all primery-nozzle pressure ratio

e ejector Jet thrust

F; = Jet thrust of primary nozzle
The Jet thrust of the primary nozzle was obtained from calibrations of
both the 16.21-inch- and 19.58-inch-diameter primary nozzles. The re-
sults of these calibrations are shown in figure 10 iIn which the thrust
parameter FJ/POAP is plotted agalnst primary-nozzle pressure ratio.

The thrust parameters of an idesl convergent nozzle and for isentropic
expansion are also included in figure 10. The flow coefficients of bhoth
primaery pozzles were also obtained during these calibrations and are
shown in figure 11(a) and (b) for the 16.21-inch- and 19.58-inch-diameter
nozzles, respectively.
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Figure 2. - Diagram of ejector test setup in altitude test chamber.
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16.21

1
I

1
Station S

- (a) Configuration 1; diameter ratio, 1.1l; spacing ratio, 0.39.

0.5

r—11.5&;—-|
! 340 2° 21° !
26.75 T
f 25'.5 le—12.65—
L 18.0
' 16.21
CD-3664

(b) Configuration 2; diameter ratio, 1.1l; spacing ratio, 0.78.

Figure 4. - Dimensions of ejector configurations (dimensions in inches}.
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(¢) Configuration 3; diameter ratio, 1.31l; spacing ratio, 0.4.

0.5

170 40"

17.12
§/—~1° 55'

26.T5

5.5 19,58

+—15.88——

25.60

(d) Configuration 4; diemeter ratio, 1.3l; spacing ratio, 0.81.

Figure 4. - Concluded. Dimensions of ejector configurations (dimensions in inches).
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Secondary pressure ratio, P /pg
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Welght-flow ratlo,

WB/WP
o 0
(m] .024
o _.062
v .106
A . 155

temperaturs ratio,

Nominal

TP/TB

1

1.80
1.97
1.97

e

P

L~

P
FA/
7/

Primary-nozzle pressure ratio, Pp/PO
(a) Configuration 1; primary gas temperaturs, 1220° R; diameter ratio,

1.11; spacing ratio, O.

39.

Figure 5. - Ejector pumping characteristics.
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Secondary pressure ratio, P,/pg
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Welght-flow ratlo, Nominal
Ws/wp temperature ratio,
To/Tg
o) 0
=] .019 1.80
<o .048 1.85
v .080 2.04
A .145 2.15
/

/V

P

A
P V/M
/M

LA

—o—°"|

1 2 3

S
Primary-nozzle pressure ratlo, Pp/po

4

(b) Configuration 1; primary gas temperature, 1500° R; dia-

meter ratioc, 1.1l1; spacing ratlo, 0.39.

Figure 5. - Continued. EJector pumping characteriatics.
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Welght-flow xatlo, Noming) E
Wg/"p temperature ratio,
Tp/TB E
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O .056 1.75 "
A .090 1.85 v 8
v . 155 1.96
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vd

jl 1

e LA e
‘// < /cr/ — —
/ /::;’C/:"{//
e

Primary-nozzle pressure ratioc, Pp/PO

(c) Configuration 2; primary gas tsmpereturs, 12200 R; diameter ratio, 1.11; apacing
ratlo, 0,78.

Flgure 5. - Continued. HEjJector pumping characteristios.
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Primary-nozzle pressure ratlo, Pp/po

Weight-flow ratio, Nominal
ws/Wp ‘temperature ratio,
TP/TS
(o] o]
a .026 1.63
& .059 1.80
A .107 2.05
v .150 2.16
/ -
P
—//’J!’/"
///;ﬁ/ /’/;14
a(,/’ﬂ L~
]
T Lo ot
/ // ’[’n/
el ;::::j
o0
l 2 3 4 - 5 6 7

(4) Configuration 2; primary gas temperature, 1500° R; diameter ratio,

1.11; spacing railo, 0.78.

Figure 5. - Continued. Ejector pumping characteristics.
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Welght-flow ratio, Nomlnal
WS/W temperature ratio,
P T_/T
s L
o 0
(u} .012 1.63
<o .026 1.71
v .101 1.82
7 N .148 1.90 i
v .181 1.95
< .243 2.00
2
6
5 /
o /
£
1]
oy
g Z
£ 4
; -/ 4
& J
g / W
: v
A g AR A {
by X 4
g
g
2 / L / v
. <// ,////’/i;z’ ”":.<Zif
_‘7/ ._—o-—__/C"/ O
1 =g O——]
i
0
4 5 6

2l

1 2 3
. Primary-nozzle pressure ratio, Pp/po

(e) Configuration 3; primary gas temperature, 1140° R; diameter ratio,

1.31; spacing ratio, 0.4.

Flgure 5. - Continued.

Ejector pumping characteristics.
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Secondary pressure ratio, Ps/pO
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Weight~flow ratio, Nominal
Wé/Wb temperature ratio,
TP/TB
A 0.039 2,56
N .078 2.75 &
v .116 3.00 8
O .158 3.25
(m) .200 3.25
//
, ] d
__A 1’/’ . AJ
/g/ /( -~
/”7) L
/
_-—-k’/ ___A_——A
1 2 3 4 5 6

Primary-nozzle pressure ratio, Pp/po -

(f) Configuration 3; primary gas temperature, 2050° R; diameter
ratio, 1.31; spacing ratio, 0.4. -

Figure 5. - Continued. EJjector pumping characteristics.
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WSiSht‘}:%: ratio, tempergzﬁri:aiatio,
'I'
< 0.059 ;"15
> .078 3.30
4 .113 5.75
Y J141 4.08
> ‘14 3.95
2 .178 3.85
4 .191 4.05
g .231 3.65 ./
-
A
/ / J//
/ » (, //
S ZP
W
7erd
J)/:{/ éﬂ, /4'
/5/ f;
// A// , =
p 228
> 1 / /M
1 2 5 . ° 6 7

Primery-nozzle pressure ratio, Pp/po

(g) Configuration 3; primary gas temperature, 3250° to 3400° R; diameter
ratio, 1.31; spacing ratio, 0.4.
Flgure 5. - Continued. EJector pumping characteristics.
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Secondary pressure ratio, P./pg
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Welght-flow ratlo, Nominal
W temperature ratlo,
8’ 'p

T /T
s

(o] c
o .025 1.60
< .048 1.70
A 077 L.80
[N .096 1.88
N $144 1.94
v .200 1.94

/l

h¥

/

AR
Wl

4

RAAVEA:N

4 /
7 F/L(A//O/ 1T
S — B
ibo—-— o
1 2 3 4 5 8

Primary-nozzle pressure ratio, Pp/p0

(h) Configuration 4; primary gas temperature, 1140° R; diam-
eter ratio, 1.31; spacing ratvio, 0.81.

Figure 5. - Continued. Ejector pumping characteristics.
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Secondary presmure ratio, PE/p0

Welght~flow ratio, Nominal
Wo /W, temperature ratio,
p o /T
p/'s

o] 0
a .02 2.25
1% .0& 2.45
v .080 2.70
A 115 3.10
N .16 3.30

25

—

\

/]

pd

\

] /
7
2

////’
o
|

Primary-nozzle pressure retio, Pp/PO

(1) Configuration 4; primary gas temperature, 1900° to 2000° R; diameter
ratio, 1.31; spacling ratlo, 0.8l.

Flgure 5. - Continued. EJector pumplng characteristics.
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Secondary preasure ratlo, PB/pO

L NACA RM ES4F02

Welght-flow ratio,

W /wp

0.064
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ANONDO PP ¢
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temperature ratio,
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Primary-nozzle pressure ratio, Pp/po

(3) Configuration 4; primary gas temperature, 3200° tc 3400° R; diameter

ratlo, 1.31; spacing ratio,
Filgure 5. - Concluded

¢.81.

. EjJector pumping charecteristics.
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Ejector Jet-thrust ratio, Fey/Fy

Ejoctor walght-flow
ratio,
WE/WP
O 0
O .024
< .062
v .106
A 155
1.1
[ o= e
/ g —________——
’__M/_——-—-" .______——d— -
= Lo — o—
1.0 =
.9

a) Confilguration 1; primary gas temperature, 1220° R; dlameter ratio,
1.11; spacing ratlo, 0.39.

Ejoctor weight-flow
ratio,
LA /wp
o
.019
.048
.147

>OOOo

S |

1.0 = —O——=r—
iié%i%%%%;w T |

.9
1l 2 3 4 5 & 7
Primary-nozzle pressure ratlo, Pp/pO

(b) Configuration 1; primary gas temperature, 1500° R; diameter ratio,
1.11; spacing ratio, 0.39

Flgure 6. - Ejector thrust performance.
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NACA RM E54F02

Welght-flow ratio,
“s P
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1o 1 | | o~ {dre
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e (o) Configuration 2; primary gas temperature, 1220° R; diameter ratio, 1.11; spacing
b ratio, 0.78.
g
;
» Welght-flow ratio,
® W
3 a/"p
y o 0
2 o .026
8 1.1 & .059
=] A .107
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ratio, 0.78.

Primary-nozzle pressure ratio, Pp/po
(@) Configuration 2; primary gas temperasture, 1500° R; diameter ratio, 1.11; spacing

Figure €. - Continued.

Ejector thrust performence.
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NACA RM EB4F02

Ejector Jet-thrust ratio, FeJ/FJ

ANV q400Do0

EJector welght-flow
ratio,

8P

0
.012
.026
.101
.148
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244

1.1

\
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1\
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——b

1.0 —%
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(e) Configuration 3; primary gas temperature, 1140° R; dlsmeter
ratio, 1.31; spacing ratio, 0.4.

Ej)sctor welght-flow
ratio,
W
8° p
0.039
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.118
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.200
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A
N
v
S
0
| T
—aio—<
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2

3

4
Primery-nozzle pressure ratio, P,/pg

ratio, 1.3l; spacing ratlio, 0.4.
Figure 6. - Continned. Bjector thrust performance.
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(f) Configuration 3; primary gas temperature, 2050° R; diameter
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NACA RM E54FO02

1.2 EJector welght-flow ratio,
W /W
S 0.059
ird .078
1l v 113 L
g A .150 =
o 191
N 231 g""_,———br———‘b_————kﬂa——
/ﬁ’_ ——
1.0 ~ —a
N
.9

ratlo, 1.3l; spaclng ratio, 0.4.

{g) Configuration 3; primery gas temperature, 3250° to 3400° R; dilameter

i
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Ejector jet-thrust ratio, F J/F J
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‘Ejector weilght-flow
ratio,
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ws/wp
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Primary-nozzle pressure ratio, Pp/Po

(h) Configuration 4; primary gas temperature, 1140° R; diameter ratio,

1.31; apacing ratio, 0.8l.
Figure 6. - Continued. EJector

SO

thrust performance.
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NACA ERM E54F02 o 3L
1.1 —
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Ejector weight~flow
pd ratio,
_g/ Ws/Wp
O 0
- .8 l// Eg .02
By .04
= v .08
" A 115
- hN .16
o
ol
B .1
B (1) Configuration 4; primary gas temperature, 1900° to 2000° R; diameter
E ratio, 1.31; spacing ratio, 0.81.
bT
1
Fr)
[
-
& Ejector welght-flow
§ 1.2 ratlo,
B Wg /¥y
z 0.064
.078 -
D .119 .-
1.1 l471 .145 /4/‘574
‘ .181 ’a/
AN .240 )L/A//’D///
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S =1
1.0] '/
v v :FM
.9
1 2 3 4 5 6 7

Primary-nozzle pressure ratilo, Pp/p0

(J) Configuration 4; primary gas temperature, 32000 %o 3400° R; diameter
ratio, 1.3}; spaclng ratio, 0.81.

Flgure 6. - Concluded. EJector thrust performance.
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Configuration Spacing ratio,

L/‘DP
—— 1 0.39
—— 2 .78
Welght-flow ratio
3 W /W
8 "p
0.10
o -
=1
T
mm
L5
Q
B
g
f o3
o2
i
g 1 :"’?ﬂ
8 -_ﬁ--—l -~
0]
1 2 3 % ] 6 7 8

Primary-noxzle preasurs ratio, Pp/PO

(a) Confignretions 1 and 2; primery gas temperaturs, 1220° R; diameter ratio, 1.11.
Figure 7. - Effect of epacing ratic on ejJector pumping charscteristics.
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Secondary pressure ratio, Pe/po
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Configuration Spaeing ratio,

L/DP
3 0.4
4 .81

Weight flow ratilo,

0.20

.4
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-
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/, /,/"
/' =
=
o /I
___——==<=“""
1 2 3 4 5 6 7

Primary-nozzle pressure ratlo, Pp/po

(b) Configurations 3 end 4; primery gas temperature, 3200° to 3400° R; diameter

ratlo, 1.31.
Flgure 7. - Concluded.
characteristics.

Effect of spacing ratio on ejector pumping
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S NACA RM E54F02

Configuration Spacing ratio,
L/Dp

— 1l 0.39
—_—— 2 .78

Weight-flow ratio,
W /‘wp
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s
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|
S T
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() Configurations 1 and 2; primary gas bemperature, 1220° R; dlameter
ratlo, 1.1l.

Configuration Spacing ratiO:[w91th-flow Latio]
b
L/D W
8’ p
3 0.4 ] -
_———-—_ . 81 0.20 k L_’/-
[—"
T
’_’/ /'/‘
e =] = R
—
i e e P
—— ’\/ — |
e N I o N os
B
1 2 3 4 | ° e !

Primary-nozzle pressure ratlo, Pp/pO

(b) Configurations 3 and 4; primary gas temperature, 3200° to 3400° R;
diameter ratio, 1.31.

Flgure 8. - Effect of spacing retio on ejector thrust performance.
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Ratlo of looal wall preassure to p

rimary total
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pressurs, Pw/'Pp
=
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3399

ra

Nogzzle preasure

ratio,
Secondary shroud PP/FO
P> 1.50
Primary q 1.74
nozzle A g2.02
A £2.30
h 2.83
v 2.81
A 4.08
Reciprocal nozile v §.45
pressure ratio,
Do/E,
e
—P— - -t P> PD—ip—p—p—P— LD \
G ——< 4——4———4—1—4« 1<
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\"4
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Location of wall pressure-taps meamred from end of cylindrical afterburmer shell, in.

(a) Configuration 1; zero secondary welght flow; primery ges tempsrature, 1220° R; diameter ratio, 1.11;

epacing ratio, 0.39,

Figure 9. - Ejoctor-shrovd wall preasure distribution.
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Ratic of local wall preasure to primery total

P

Tressurs, D

__________________________ Nozzle pressure
" N ratio,
nozzle
ery P,/pg
< 1l.45
[N 2.01
"4 2.22
B 2,80
© 3.57
] 5.00
(n] T.04
8 Beciprocal nozzle
preasure ratio,
p -
.0 —=3 NN N N
.4
b b N Tw W
5 — L
% % S $
.2 |
0
~8 -4 0 4 8 12 16 20

Locatlon of wall pressure taps measursd from end of oylindrical afterburner shell, in,
{b) Configuration 2; zerc secondary welght flow; primary gas temparature, 1220° R; dismeter ratio, 1.11;

spacing ratio, 0.78.

Flgure 9. ~ Continued. EjJootor-ghroud wall pressurs dlstributicn,
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prim=ry totel pressure,

Retlo of loocal wall pressurs to

o

-

oo
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"3599

Secondary shroud

Nozzle preasurs

T e T T T T T T T 1T TTY ratio,
........... Pp/p0
Primary nozzle
74 2.10
A 2,98
A 4,03
] 4.17
A 4.72
7 5.00
A 5.13
[ 5.35
o] 5.56
Reclprocal nozzle
pressure ratio,
Po/*p
- — P {7 &~ e T
L v Iy ! 3 ey I . L
w ~ N N hJ ol b}
- e -
S S es m e 2
== O
-8 ~d 0 4 8 12 16 20

location of wall premsure taps measured from end of oylindrical afterburner shell, in.

{c) Configuration 3; zerc pecondary welght flow; primary gas temperature, 11400 R; dlameter ratio, 1.31;
spaclng ratlo, 0.4.

Figure 9. - Gontinned., EjJeotor-ahroud wall pressure distribution.
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Secondary shroud
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Primary nozsie

Nozrle preseure
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Reclprocal nozzle
preagure ratlo,

Po’*p

Ratlc of local wall preassurs to
primary total pressurs, p “ﬂ“p :

¢
-8

(4) configuration 4; zero secandary welght flow; primary gaa tempsrature, 11400 R; diameter ratic, 1.31; speocing ratio, 0.8].
spacing ratlo, 0,81.

-4 o 4 8 12 185 20 24
Locatlon of wall pressurs taps measursd from end of cylindrical afterburner shell, in.

Figuore 2. - Contlnned. EjJector-shroud wall pressure distributicon,
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Tozzle prossurse

Minimum area
P e o EJector ahroud ;a';io,
&~ Secandary s /%o
o 4 2.13
. v o3
Primary nozzle A ggs
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S o pressure ratio,
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i looation of wall pressure taps measured from end of cylindrical afterburner shell, in.

(e) Configuretion 3; welght-flow ratio, 0.19); primery gas tempereture, 1140° R.

Flgare 9. - Concluded.

EJector-shroud wall pressure dlstrlbution.
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Thrust paremeter, FJ/POAP

RACA RM ES4F02

Caloulated thrust perameter,
¥ = 1.36
[

Primary-nozzle Primary Fuel-alr
dismeter, eas ratlio

in. temperature,

OR
Q 19.58 1140 0.008
v 16.21 1200 to 1500 0.01 to
0.015
AW
/

/1 /
Compl[te 1slentroplic axpola.nsion -\,/ Y, /
N L | |

Tdeal convergent nozzle _&/

\\ L

7

/
4

7

v/
4 % Measured thruet paremeter
£

1 2 3 4 S

6 o7 8

Primary-nozzie presaurs ratio, Pp/po

Figure 10. - Comparison of theoretlcal thrust parameters and measured thrus: para-
meter of both 19.58-inch- and 16.21-inch-diemeter primary nozzles without ejector

shroud.
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Flow coefficlent, Cp

l.o

¥

A

o

(a) 16.21-Inch-diameter primary nozzle; primary ges temperature, 1200° to 1500° R.

-
=)

vl r_—_=ﬂF=ﬂ=Q%

&

o

1 a 3 4 5 6 7
Primary-nozzle pressure ratio, IE'p/p0

(b) 19.58-Inch-dlameter primary nozzle; primary gas temperature, 1140° R.
Figure 11. - Flow coefficlents of conlcal primary nozzles.
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